Background: Dehydroepiandrosterone (DHEA), its sulfate ester (DHEA-S), and pregnenolone are neurosteroids that can be synthesized in the brain. Previous studies have hypothesized that these neurosteroids have antiaging, mood-enhancing, and cognitive-preserving effects; however, these effects may be gender-specific. Therefore, the purpose of this study was to investigate the gender differences in the relationships among neurosteroids (DHEA, DHEA-S, and pregnenolone), cognitive function, and quality of life in healthy individuals. Method: In this cross-sectional study, we enrolled 47 men (mean age: 32.8 years) and 75 women (mean age: 35.4 years) who had no major physical or psychiatric illnesses and measured their serum DHEA, DHEA-S, and pregnenolone. Furthermore, we evaluated the subjects' cognitive function and quality of life using the Brief Assessment of Cognition in Schizophrenia and the World Health Organization Quality of Life Scale, respectively. Results: The serum levels of DHEA and DHEA-S demonstrated significant gender differences, even after controlling for age effect. In the male subjects, the DHEA serum levels were positively correlated with three domains of the World Health Organization Quality of Life Scale, including physical health, social relations, and environmental dimensions. Meanwhile, the DHEA-S levels positively correlated with the performance of working memory, and pregnenolone levels had a positive correlation with working memory, verbal fluency, and Brief Assessment of Cognition in Schizophrenia composite score. However, in the female subjects, we observed a correlation only between the serum levels of DHEA-S and working memory. Conclusion: The findings of our study indicate that neurosteroids play a vital role in cognitive function and quality of life among men but less so among women. Nevertheless, the underlying mechanisms of the gender-specific effect of neurosteroids require further investigation.
Introduction
Dehydroepiandrosterone (DHEA) is a 19-carbon steroid hormone synthesized in the inner layer (zona reticularis) of the adrenal cortex, 1,2 and its sulfated form (DHEA-S) is created using DHEA sulfotransferase with reversible pathway. 3 Furthermore, both DHEA and DHEA-S are synthesized in the brain, thus earning them the name "neurosteroids," 4 and their biological characteristics include neuroprotection, neurite growth, anti-inflammatory, antioxidant, and antiglucocorticoid effects.
5 DHEA(S) levels are negatively correlated to multiple domains of physical morbidities, such as ischemic heart disease, cardiovascular mortality, atherosclerosis, osteoporosis, and inflammatory diseases, as well as sexual dysfunction. 6, 7 Plasma DHEA(S) concentrations reach their peak levels in the third decade of life and then gradually decline 8 at submit your manuscript | www.dovepress.com
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chen et al an average rate of 1%-4% per year in men during their 40s to 80s 9 and roughly 2% per year in women. 10 The aging-related decline of DHEA(S) serum levels were observed parallel to the escalating prevalence of the previously mentioned diseases. 11 DHEA(S) exerts its protection mechanism by being converted into more potent sex steroids and activating androgen or estrogen receptors in tissue. 4 Furthermore, DHEA has demonstrated a variety of neuroprotective and neuroexcitatory properties. 12 By activating the σ 1 subtype receptor of NMDA receptor, DHEA(S) promotes changes of synaptic plasticity in neurons and oligodendrocytes at the prefrontal cortex, hippocampus, and striatum 13, 14 while performing cognitive-enhancing effects through its interaction with the γ-aminobutyric acid A (GABA A ) receptor.
5 DHEA(S) have been correlated with a number of psychiatric conditions, including depressive disorder and anxiety disorders. 14, 15 Higher plasma concentrations of DHEA(S) have also been associated with healthier psychological profiles, greater quality of leisure activities, 4 and functional independence in men. 16 Previous studies have hypothesized that frail elderly patients unsatisfied with their lives and with psychosocial stress have reduced DHEA(S) serum levels. 7 A correlation between lower DHEA-S and inferior cognitive performance was also observed in both male and female seniors living in a community. 4 Pregnenolone is converted from cholesterol in mitochondrion as a rate-limiting step of all neurosteroid hormones 11 and can be transformed into pregnenolone sulfate upon being synthesized by pregnenolone synthase CYP/CYP450 sidechain cleavage enzyme and hydroxyl steroid sulfotransferase. 4 Catalyzed by P450c17, pregnenolone is also a precursor of DHEA(S) in the brain and considered as having neurosteroid characteristics. 7 Pregnenolone and its sulfate form have been declared to potentially have a neuroprotection property through their regulation of myelin synthesis by Schwann cells in both the central and peripheral nervous systems. 1 Both pregnenolone and pregnenolone sulfate both bind to σ 1 ligands similar to DHEA(S), but pregnenolone sulfate acts as a more potent agonist than pregnenolone. 4 Furthermore, pregnenolone has been associated with a number of neuropsychiatric disorders 2, 17 and may be associated with cognitive function and the aging process. 2, 18 The physiology of DHEA(S) and pregnenolone demonstrate gender differences through pubescence, adulthood, and old age. 9, 10 These neuroactive steroids may exhibit genderspecific neuroprotective effects, 19 and the effect of DHEA seems to benefit men more than women with regard to health maintenance. 20 A prior study indicated that residential-care elderly patients with low DHEA-S levels were associated with high degrees of self-rated disability and insomnia. However, low DHEA-S levels have been linked to an increased number of pain sites only in women, not men. 7 Understanding gender differences in the physiology of neurosteroids may shed light on how neurosteroids influence one's mental health and further help professionals understand the susceptibility of gender differences to neuropsychiatric diseases. However, current evidence regarding the relationships between neurosteroids, cognitive function, and quality of life have been inconclusive. 4 Furthermore, most of the previous studies that have investigated gender differences in neurosteroids have targeted patients with specific diseases, 21, 22 and similar data among a healthy population are still lacking. Therefore, this study aimed to investigate gender differences in the relationships among neurosteroid (DHEA, DHEA-S, and pregnenolone) levels, cognitive function, and quality of life among the general population.
Methods Participants
This study was approved by the Chang Gung Memorial Hospital review board. We proposed a cross-sectional design and obtained the written informed consent from all participants. The participants consisted of healthy individuals recruited from Kaohsiung Chang Gung Memorial Hospital' staff and from among community volunteers in Kaohsiung City. The recruitment criteria included the following: 1) between the ages of 18-65 years; 2) no history of illicit drug use or major psychiatric disorders (eg, psychotic disorders, bipolar disorder, major depressive disorder, dementia, or organic mental disorders) or major physical illnesses (such as genetic, endocrine, metabolic, or infectious conditions); and 3) ethnic Han Chinese origin. We ultimately enrolled a total of 47 men (mean age: 32.8 years) and 75 women (mean age: 35.4 years) in this study.
Biochemistry measurements
We collected blood samples in the morning when participants had been fasting. Blood was centrifuged immediately after it was drawn and stored at -80°C until further analysis. Serum levels of DHEA were measured using a DHEA enzymelinked immunosorbent assay (ELISA) kit -ADI-900-093 -Enzo Life Sciences (Farmingdale, NY, USA) (sensitivity range 12.21-50,000 pg/mL); DHEA-S levels were measured using ARCHITECT DHEA-S Reagent Kit -8K2720 
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Neurosteroids, cognition and quality of life (Wiesbaden, Germany) (sensitivity range: 0.2-961.1 µg/dL); and pregnenolone levels were measured using pregnenolone ELISA Kit -KA1912 (Jhongli, Taiwan) (sensitivity is 0.05 ng/mL). We performed single point measurements.
cognitive function and quality of life assessments
The cognitive functions of all participants were evaluated with the Brief Assessment of Cognition in Schizophrenia (BACS). 23 BACS consists of a battery of tests that measure the aspects of cognition that are most impaired and has been strongly correlated with the real-world functioning of schizophrenic patients. 24 BACS takes approximately 30 minutes to administer, generates a high completion rate in patients, and has high test-retest reliability. The tests within BACS include the List Learning Test, Digit Sequencing Task, Token Motor Task, Category Instances Test, Controlled Oral Word Association Test, Symbol Coding, and Tower of London Test, which assess verbal memory, working memory, motor speed, verbal fluency, attention, processing speed, and executive function, respectively. After all of the subtests, we calculated a composite score by comparing each patient's performance on each measure with the performance of a healthy control, which was defined as the Z-score or T-score of that sum. 25 The reliability and validity of the Chinese version of the BACS have both been established in previous studies. 26 The T-scores for each scale were used for analysis with reference to the normal population of the same age range and genders.
We evaluated quality of life with the brief version of the World Health Organization Quality of Life Scale (WHOQOL-BREF). The WHOQOL-BREF, a questionnaire self-administered by respondents, is a 26-item version of the WHOQOL-100 assessment tool. The WHOQOL-BREF has proven useful in surveys of both general and specific populations, as well as in differentiating the health benefits produced by a wide variety of different treatments. 27 This assessment is scored over four domains: Physical Capacity (seven items), Psychological Well-being (six items), Social Relationship (four items), and Environment (nine items). All items were rated on a 5-point Likert scale with a higher score indicating a higher quality of life. The WHOQOL-BREF has previously been reported to have good test-retest reliability and content validity in Taiwan. 28 
statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences for Windows (version 21.0; IBM Corporation, Armonk, NY, USA). Variables are presented as either mean ± SD or frequency. All statistical tests are two-tailed, and differences with P,0.05 were considered statistically significant.
Continuous variables between male and female patients were compared using a independent t-test. We adopted multivariate analysis of covariance (MANCOVA) to determine intergroup differences (age, gender, and age × gender interaction) in neurosteroid levels. The MANCOVA models were also applied to estimate the potential associations between neurosteroid levels, cognitive function, and quality of life. To understand any potential gender differences, male and female subjects were separately analyzed. We set cognitive function (performance of the BACS) and quality of life (WHOQOL-BREF) as the dependent variables, with DHEA, DHEA-S and pregnenolone, and cortisol as the independent variables. In order to eliminate the potential confounding effects of age and education on cognitive function, we set patients' age and educational level as covariates in the MANCOVA models. We further stratified the female participants based on the median age of 35 into a younger group (,35 years old) and an older group ($35 years old). Pearson correlation was also adopted to estimate the correlation between neurosteroid levels, cognitive function, and quality of life.
Results
The characteristics of the 47 male subjects and 75 female subjects are shown in Table 1 . The male subjects generally had greater height (P,0.001) and body weight (P,0.001) than the female subjects. Besides those two factors, no significant differences in age, education level, cognitive function, or quality of life were observed between the men and women participants. Compared to the female subjects, the male subjects had higher serum levels of DHEA (P=0.007), DHEA-S (P,0.001), and pregnenolone (P=0.005). Figure 1 displays the relationship between age and serum levels of DHEA, DHEA-S, and pregnenolone, divided by gender. We found that DHEA (P,0.001), DHEA-S (P,0.001), and pregnenolone (P=0.001) had a negative correlation with age. After controlling for patients' age to eliminate the inverse effect of age on neurosteroid levels, the serum levels of DHEA (P=0.041) and DHEA-S (P=0.004) still presented significant gender differences, but no gender difference was found with regard to pregnenolone. Furthermore, we observed no significant interactions between age and gender in the neurosteroid substrates (Table 2) . Table 3 presents the relationships between neurosteroid serum levels, cognitive function, and quality of life among the 47 male subjects, controlling for age and education level. The DHEA serum levels were positively correlated to three domains of WHOQOL-BREF, which were physical health (P=0.031), social relations (P=0.047), and environmental dimensions (P=0.003). The levels of DHEA-S were positively correlated with the performance of working memory (P=0.031), while pregnenolone levels were positively correlated with working memory (P=0.041), verbal fluency (P=0.0027), and the composite score of the BACS (P=0.020). Table 4 lists the relationships between neurosteroid levels, cognitive function, and quality of life among the 75 female subjects, controlling for age and education level. The serum levels of DHEA-S had a positive correlation with working memory (P=0.003). Otherwise, the neurosteroid levels were not correlated with other areas of cognitive function or any domain of quality of life. The age-stratified analyses (Table S1) showed the positive correlation between DHEA-S and working memory (P=0.004) and a positive correlation between pregnenolone and executive function (P=0.03) were only observed in the young female group (,35 years old). Such correlations were not observed in the old female group ($35 years old) (Table S2 ).
Discussion
Our study's findings reveal that the correlation between neurosteroids (DHEA, DHEA-S, and pregnenolone) and cognitive function and psychological well-being may differ between the genders among a healthy population. Among men, the serum levels of DHEA were positively correlated with the domains of quality of life, and DHEA-S and pregnenolone levels were positively correlated with cognitive function. In contrast, the association between DHEA-S and working memory was the only significant finding in women. Our results indicate that neurosteroids play a vital role in the cognitive function and quality of life of males, but that role is less apparent in females.
Our findings resembled those of a previous study in which both DHEA and DHEA-S decrease through aging in both men and women, 7, 10 with the level dropping more steeply in men than in women. 10 Our study also demonstrated an inverse correlation between pregnenolone and age, which is comparable to previous findings. 9 A previous study demonstrated that the decrease through aging (from 20-30-year-old to 70-80-year-old) of pregnenolone was more prominent in men (78% decrease) than in women (45% decrease).
29 Table 1 comparisons of demographic data, cognitive function, quality of life, and neurosteroids levels in male and female healthy subjects The relationship of DHEA-S to working memory may be related to its neuroprotective property 12 by promoting synaptic plasticity changes in neurons at the prefrontal cortex, hippocampus, and striatum. 13, 14 Evidence from fMRI has indicated that prefrontal cortex is activated during performing of working memory, 13 thus suggesting the connection. Our finding of a higher circulating DHEA-S related to better working memory in both genders was consistent with previous findings. 7, 30 Other evidence has demonstrated the association between higher DHEA-S levels and increased association of cognitive function, even after adjusting for age and other covariates. 4 A longitudinal study of older men demonstrated evidence against the correlation of DHEA-S with cognitive performance; however, the cognition testing battery did not included working memory. 4 This study demonstrated the relationship between DHEA-S and working memory among the female participants and presented similar findings as another report, 30 both of the studies utilized the digit sequencing task as the tool for working memory. Nevertheless, data of the report 30 showed additional cognitive domains related to the DHEA-S of executive function, which may be related to a different test: executive function, which was examined by the Tower of London test in our study compared to Trail Making Test B in the other study. One study of 394 community-dwelling women over the age of 65 years old showed no relationship between DHEA-S concentrations and cognitive function or changes in cognitive performance over time. 7 Our age-stratified analyses also showed that the 
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Neurosteroids, cognition and quality of life positive correlation between DHEA-S and working memory only exhibited in the young female group, but not in old female group. It implies that DHEA-S may exert a divergent effect on cognition among various age groups.
In our research, pregnenolone was significantly correlated with the working memory, verbal fluency, and overall presentation of cognitive function in healthy men. However, in females, the relationship between pregnenolone serum concentration and executive function was found in younger group (,35 years old). While some studies have reported the biological effects of pregnenolone per se due to its poor activity on the traditional neurosteroid targets, 2 its sulfate ester is more potentially affective on various mechanisms. Pregnenolone and its sulfate ester not only act as positive modulators on NMDA receptors 2, 7 with the effects of calcium ion influx and consequently the synthesis of pregnenolone and pregnenolone sulfate in the hippocampus, 31 but also enhance inwardly rectifying potassium-2.3 channels, which are abundantly expressed in the forebrain area related to cognition, memory, and emotion. 6 Furthermore, other animal studies revealed modulation by pregnenolone sulfate of acetylcholine neurotransmission that prominently affects cognitive processes. 3 The affirmative effects of pregnenolone on working memory 7 and synaptic plasticity in memoryrelated brain areas 32 were also reported in animal studies. This study's results suggested that in healthy males, pregnenolone or perhaps its sulfate ester correlates with cognitive function per se and not through the effect of its downstream metabolites (eg, DHEA, DHEA-S). However, little evidence has been found to support the correlation between pregnenolone and cognitive function in humans; prospective studies are necessary to illustrate the underlying mechanism of this relationship.
As for quality of life, DHEA is significantly consistent with physical health, social relations, and environmental factors in the quality of life of healthy men in our findings. DHEA has been proven to have a potential neuroprotective ability against excitatory amino acid-induced neurotoxicity both in vivo and in vitro. 4 However, DHEA has a more protective effect on men's health, 33 cardiovascular outcomes, 16 and bone protection through its conversion to androgen and estrogen and regulation of osteogenesis activity, 8 as well as better performance against stressors in a military setting, 34 ability to perform daily activities, 10 higher ADL, 21 and lower susceptibility to mood disturbances. 34 The gender differences in this study may result from such health-related behaviors as smoking or drinking or cardiovascular risk factors; however, some evidence has refuted the differences to support these hypotheses. 33 Our data showed that the quality of life among the female participant group did not correlate to either of the neurosteroids, differing from the male group's findings. The relationship of endogenous DHEA-S to the healthier life of men but not women has been observed in both Western and non-Western populations. 33 While most studies focusing on women showed no significant effects on quality of life, the DHEA concentration also did not affect the mortality in disabled women. 33 Recent studies have demonstrated a relationship between executive functioning, working memory, vocabulary measures, and both the physical and psychological health domains of the WHOQOL-BREF in healthy older adults, 35 suggesting that other neuropsychiatric systems, such as estrogen, that are related to cognition and quality of life in the female group. 36 Several biological effects may account for the gender difference in the correlation between neurosteroids and cognition. In the early postmenopausal period, estrogen has also been claimed to have an affirmative influence on the prefrontal cortex and hippocampus. 37 Estradiol was related to the maintenance of various cognitive domains, including attention and verbal and visual working memory, 21, 37 while estrogen receptors are present in such brain areas as the cerebral cortex, hypothalamus, and the pyramidal cells CA 1 in the ventral hippocampus, which is vital for memory. 21 Estrogen was found to increase dendritic spine density in the CA 1 neurons in the hippocampus of female rats, 21 as well as to stimulate cAMP and MAPK pathways and C protein on the calcium channel for neuroprotective properties. 38 Estrogen has also been reported to have a cofactor effect on the metabolism of acetylcholine, 39 a neurotransmitter that plays a vital role in attention, learning, and memory functions. 21 Other recent reports have demonstrated estrogen-modulated cholinergic functioning through estrogen receptors GPR30 in the basal forebrain. 40 In vitro studies have implicated estrogen in the degradation of β-amyloid precursor protein from its accumulation into β-amyloid through astrocyte activation. 21, 41 Estrogen has an increasing modulation effect on the synthesis of dopamine, 42 a neurotransmitter related to attention, processing speed, working memory, and positive affect. 42 While estrogen exhibits a positive effect on serotonin 38 and the binding of serotonin to 5-HT 2A receptor at the prefrontal cortex, which is related to verbal working memory in postmenopausal women, 43 other neuroprotective mechanisms of estrogen were noted, such as increased BDNF and CREB expression. 44 Female hippocampal neurons produce estradiol in order to uphold long-term potential memory; however, this condition was not observed in males in animal studies. 45 The female hippocampus has a higher amount of estradiol than that of men, 46 with a correlation with both volume and cognitive function. 36 Although the serum concentration of estradiol was positively related to the hippocampal volume in men, the relationship revealed no consequences on memory performance, 47 while the inhibition of estrogen was also not related to cognitive function in prepubescent males. 48 The reinforcing effect of testosterone on working memory outstood estrogen in male rats, while the effect on visual working memory was contrary, 49 thus supporting the gender differences of neurosteroids' physiology on cognitive function.
A systemic review enrolled 23 randomized controlled trials, and 1,188 women indicated no association of DHEA use with improvement in sexual function, 4 and the DHEA supplement showed no benefit with regard to improving the quality of life in either peri-or postmenopausal women 27 or profit on cognitive performance or well-being in healthy elderly subjects. 10 Another hypothesis suggests that the Taiwanese diet, which contains soy-based nutrition, has a higher level of genistein than those in Western society, which may lower the effects of DHEA-derived estrogen. 16 Overall, no conclusions have been reached regarding the advantage of DHEA supplementation for improving well-being in healthy older adults; 4,10 both the affirmative stance and negative point of view 10, 45 have been postulated, indicating the lack of standard evaluating measures for quality of life. DHEA(S) seemed to serve more as a predictor than a therapeutic index, but more prospective studies are still needed to support the hypothesis.
This study has several limitations. First, this was a crosssectional study with rather small sample size. While we found an association between neurosteroids and cognitive function in men, the causality and underlying mechanism remain unclear. Moreover, the study statistical analyses were performed in an exploratory manner. Therefore, a Bonferroni correction for multiple comparisons was not performed, and the possibility of false-positive findings might not be excluded. In addition, the serum levels of neurosteroids are detected by ELISA in this study, but mass spectrometry may provide more accurate analysis. Second, several important factors that may simultaneously influence neurosteroid levels and mental health, such as life stress, lifestyle (smoking, alcohol consumption, diet, and exercise), physical comorbidities (surgical history of gynecology which may cause disturbance of variety of hormones), and medication as contraceptive therapy or other medication affecting neurosteroids, were not identified in this study. 21, 39 Third, participants recruited in this study were within a wide age range (18-65 years) , and the potential effect of neurosteroids on cognition and quality of life might be varied in different age groups. Among the female participants, the study did not address the influence of menstruation status between the covariate, even though DHEA(S) levels and their effect on cognition are known to differ between pre-and postmenopausal status. 4 Lastly, relative to serum neurosteroids levels, the levels in cerebrospinal fluid may closely reflect actual physiological situations in brain. 50 Therefore, the serum samples used for measuring the neurosteroid levels in this study may not necessarily represent the concentration and activity of neurosteroids in the brain.
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Conclusion
The findings of our study demonstrate that the correlation between neurosteroids (DHEA, DHEA-S, and pregnenolone) and cognitive function and psychological well-being may differ with gender. We thus hypothesize that neurosteroids play a vital role in cognitive function and quality of life among men, but less so among women. Nevertheless, the underlying mechanisms of the gender-specific effect on cognition and quality of life warrant further clarification through future studies.
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